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®^ m ¥2-183664 

@ai m ¥2(1990)7^ 9 B 



* 

1. »R±ic]eiS* ft fcajRiOx r A- 

St ft « -C « BE * ft « ft ^ If! if^ « A * ^ »C » I ' 

KtidEA*ffffr sRft: - m<ts.i& c z a s ...oo 

»*^LTjeiffi* ftfc«ftSiB(Z II 0)±IC«» 

#ftfca*fl: - -f J* ' if ') ^ 1. cci,-, 

2. «ft*»ft£«CZnS.-.0,)©fflJSx 
tftt Jt ,T<t^**»»©»£jt, »ejti!E4 



»xfc- + -> y A' (MB E ) iSfi^Ufct^ 4 i^? 

3 . n9i<Ot(.tBfiSt.m 

*5Efil±. n - VI»(fl:^«!ifi*(*Z n S CKffc 
SIB) fi«±Ulg6E*ftfcC a N CSftJtry 0 A) 

W « fl: ^ * i(£ if W R 3t ft 9^ U M t S . 
Co) St3lt©ttS 

8 BtcJJl'-C, 2 0 0 li-!f-7 r Y 7 C tt -41 
.0,) C 0 0 0 I ) CSSft, 2 0 1 



-461- 



JH) . 2 0 2 « Z a t ntlM I *StllL/iHai*t 
C aNxf^ + i'-i-/ua'C**SAa C IB) . 

S S[»£J6ity'r :(•- K*«)K Lr f 5, C © W 

ISaKM t 0 m A-CJEjtH* 1 0 .cd. »iE f- ? 

^>nri^S (T. kswtbati et il. J. Appl. Phri. 
56(1984)1367) , 

**t. HatciM^-c:. 3 0 2 {l«iEB-C*« o 
ffiC»Nxti' + >i.>m» 3 0 3 aKfittCM 
c£ttl)CaNK. 3 0 4 li£aS^»«Jei^» 
at p£C a NK, 3 0 5. ZOSH^n^tl 
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i'^CJapan. /. Appl. Phr*. 28Cl98S)L2H2). 
•t-5UiJl^-C{l,)Sfi«l63 0 0iLTa-AI,0, 

C-t7T-fr) C 0 0 0 1 ) cEA<ffli» ^.nrii 

0. fl«Si:L-tl. £i:Lr/^7-fKCVD (ft: 

jRffiitSS) *<ffl I' ^n-ci'S. fil*i±, cn^ 
«3 1 1 *<)ai ^n-ci' 4. ciH/a - ai»o. ( o 

03 0 2tiJ:E/SK3 0 OI8ICAlBaE«JB3 0 1 
*#AL. CaH/AII C!»iB) / a - Al.O, C 0 0 0 



a N ^< A' i' »a * S B I- f^JSE L » I' C t (c 
i LT o -Al.O« T -f T) «R 2 0 0 . 3 

tf4^»)**. xt:^ + > + A-nc^atttc*****?* 
iess*ottwitwtti«a*s±s tffco. 



«:!ift3.5«-e* 0 , cojBi'a:, 

< xf + > f;mo»attt--t-i5'(ca»ifa 

* 4Ca3/AtJ/a -AUO> ( 0 0 0 1 ) *! 

(C£ (S. Yotbida at al. Appl. Pbrs. Lett. 41 
(1383)417) tfcl,iT(i, '< y 7 r -IB 3 0 1 O 
A t N©tt?Stt ('<A'^tt) ©XKt» 1 9 « 
■C*tJ, G aNtOff^BtiO fee C«) t^fcA, 

1^ 7 r-i t L-cat n5^-»CE«J^4•affl•r 
5ct4«-c*1r. t't.*S'<9 7 T -JBt Lrti 

^0«-r« ^ ««C«]JB 3 0 2 B_JSl.^tt*>tDB& 
3 0 1 t L-Cf^ffi 
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N * a » Kfi!( ^- * 18.^ t fSI e « * 4 t' tl * *t£l Ji 
C aN)B3 0 2(DipJflffc-^©W4ti 

fcJfl&UJBi^r t,. »^;F»^J*<S£*flH-' ^^:- 
cf u «»a A J6 AM :f (c » ?tat» JB le it * tfi-c- i 
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A. tt» tti^T^S -C * 4 * ^, n i , 

? *Si Lt:{±>5 430ii.T!*« C t CH. p. Karuf 
ka et «1. Appi. Phr«. Lett. mi9TJ)303) *< 



4 r u-Tf-SlciJt^riix f if + i' 1- A^Hf*? 

ffi^friPi © « aiffita;© 1= * » i t r © a ^'j 
« it t ^ c< (c qi IB « E © It 1 1 » -5 S ^ + ^> tc 

c i a ai*r. *^»ttfst±. #ufia 
sett ( s v£iTi!rr^) , Aifse. xtti^^m^ 

*«, * i (cx^if eE±tc*i i^rti. SE*. cv 

DS. MO C V DS*4 t'tiftlK^^Wx t- # + 
•>i';l'«ftS»**ffli^^.*irt'4A<, iRE©» t . 
SI 2 ^rtl. ifiAaX«<l(< 7M« ( Z Q . Mr) 

t±a*a» t LTMl'6*l«T:^t-rCNH,: ) 

C-) »a*)wstt5fci6©#ft 
«>HtimT©^ft«ft(itr«. 



* * ta * <ttt ffc^« 4^ * jg ft « ? ic i» r , 

SRMKftSi&CZ n S)-^*'?, ttSftiuafili 

n s ,..o,)t^LTKeE* nfcaftsje czno) 
i:icJt«*nfca*fl: - < o • if') cc 

ie(S**t« ttft . «fi:s»« (zd S...0-) © 

JCffcSttfcSi LTjEStS * a ft • 

Btfbateait^ Z aSr£&c;cZoO<iSlMiSj» 

ff©a»^a t L-c»«*ftr^'« c t *i»at 
1- « ft ^ « 4i » * i K ^ + > t a © (» a IK B? * 

ft*ffL. * ^(cxfc-^ + i^^.X'Z B OS 

±tcjgdt»n%axft«ad<c ^ N«4tMi c & 
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*StL, tfz, il>fi: < t t Z n S 

jfeit*^ (iis± *i -c wst s *i f tc a * n 

Ct*<^l6it«, CaN/ZnOlt 

iftoc » NIC I ai'Siu* nfc*a0((wtei^ri±. 
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HI6C» I oN/ZnO(fiatfti^^(C»^K^ 

4*+9 3'«3t3 6 5 ni(3.4eV) 0*d<^#® 

^ ft ifs SF »: © ¥ * (t#tt«!l » ^ C?l; 5E3E*» tt« 

H 2 © Ha A tJ * 4 a* © « Jt JR ^ .© » it X 

a HA<i t r ftto ««© -tt * 
^■TiCfatto&d, ^ tc G A Nottatt® 

e * (cl£ B L r to ic 0 ^ C « rtStt^ 



t' 5 C z a At Hi- AS a ^ ) tc* o fc. « 
a Jt ft: (c J: 9 a tto tt * *^ « ± i: i> fc ^>E* 

I n G a NJt©! e^ + ^-t- 
*ti-53tA*-e*5 C»4 0 0'C)fc*!>, 

eat &ft^x?©aAB^#i^ (ettvEffijc, 



MB EsEftiifc-L'Tfiiffi ? nTi»fc, jy^^r 

atSflA*««**i« ^ i t -> fc. 

atiaitrfcv^r, icZdSCM i)«Rfi 

u USE L fc ? *tt B *^ t» 0 as L 

- -C * 9 . a * tt 3 0 0 ^i-C * s , 

2liMBE«ftS4-fflt>T]e)SLfcZii S ... 

o .i t^ + i' V A/ftaa Cnffl) -cio, »» 

121^ 5 aiSxUSliZ n Sti&^^ZoOxe 

* + ->r*a3K[^i+rx»04>4i traitfitr 
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cvDa£t;i^rt,jiff°rtt-c*4. 

3(±2nOJBCne) 1 (tit? * 0 . 4 li C a N 
tic iNxH*:f->i- A^m C P 31) , 

6(±AiiEas, -ttr 7 (lA 1 ft«S-c*5; 
iivae. 7 i)9tc«E'&^io$ ^ ^ -i^ 0 % 

■*■ S t . Z n S (1 I 1 ) «fi I IJ, 

WO th *nfc», 2 n 9 5 0 t. 100 

b r to«jaa*nfca(c c i i n •> * -'^©ffi 
ftmK«tLr sera 1-4. znS(iii)«« 

•> * -'^»ffiti 1X10 -"Torr©a«K$? 1- 

://<-ctir. s 0 0 taittoftL, 
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SSOTCTZuSi-.O.: C lifc'^ + v' + A' IB 
2®l5Eft*fT-5. Z n S ,-.0-H 2 11, Z o 
StflE 1 X I 0 -'Torr' S 5J-^^»*aC 5x10 "To 
rr, O^^^ttaaC 1 X I 0 -'TorrCStSttA^^fE 

I X 1 0 -Torr, O^^B^X 5 x I 0 "Torrt 
? «»&6Etl(£I^^R9© 9 0% 

KiSl'-Cft* e-Aa«A<ft:*:itO 1 0 96 

1 2 3 ©E:^jtt Cff:^;y-y 1 2 s tij:5!a;£j 
t5»^»«-«y-yi 0 7 K i 9fr*5*ts, sft: 

« C 1 fi>/h r ) ^K{k«lCl.5iti/h r ) Ottai 
t'-J*lt. 1 0 -'TorrT!Oair* 0 . 

Z n S ,..0.»2©J!efit!J«tfcl'Ttt, 0 



ASkm (0 m amir m&z a S9>ii:ff a ir^i^-^a 

ZDS,..o,xb*^ + i'+-;Hl!±ffiffifiifl;©fc 

AStfltS x I 0 -'"TorrriSaiLr^O, ZnS 
ffi]«uMLT(i + i- y I X 1 0 ffi 

tt^O.SQ'ci, Z D Ofiia?fc:HLT(l+i- y 
• at3 X I 0 "ci-*, IStt^D.lO • c.T?A i. 
C©i^ tt;^ifeT?3^K«ftSti-4C it J: 0, 
Z n Ot7*4 nSx e^ + -> + JUaff 

3©2 n 0 : C I n ffii f ^' + > + ^fiK fiB t* 
C » N4 ©SfiJii: LT^tflir* t>©T?* 9. 2 
«©«lttffiftfr-F-e*«rJitt*'BJt* ti-5 fc*i 

1 jiiJEl±3MSflt©W4 (^ttii ^IcfffiELfc. 

1 X I 0 -'•Torr©Kfi«**rt*ffl»ll 

2*Tf:?:«**i(eiiiOG a Nt*5fe!B©;?ifsJB 

JBSEf 4 nfiC iN : Oxt^ + i/t A'fl 4 (1, 



Ci^?^l^-i.«ar5xl0 -"'Torr, ^f^^ e- 
A * K ^ Cf [C 0 ^ ? t - A » ff !1 ffl ^ L Z a 

3©J:-3KLrBJ«LfcCaN :Oxt-^+>r 
>m4 H++ y 5X10 ffifit^O. 

in • c.Tf* D , 5E*tfi«iLrfia«©Za* 
IStoLT«5. pffiCaN:ZnXt*J' + i'tJ(/ 
« 5 II, C i»^»e-A«flCS X 1 0 -'Torr, 
N^?^fcf-i»flt5x I 0 -Torr, T^^Zn^ 
^t-A its 5x10 -"Torrt LTig«L, + 
y r»flC I X I C '^e.-. fi£Bt*4 Q • ciT?*5, 
C©Ji-?(cUTJKflE*nA;pffiCiN : ZoiBS 
0»»flttl, I 5ci'/T-«8ct <i 0, t!E*©-!^7 r 

*7'*?:>6«z n©Sttfl:*-e i SJEiioiJSJb*- 
•3l^BflEtl»2 6Ji:fcf 6. 
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L fc. 

rit.(D-c*9. 0Hrc*jt*-c. airxitMi^ai 

S (t 1 l)iZnO(000I)*>&e(«fi» 
?aif«1!*0, Z n S (1 I I ) ««t 1 ±cie 

iS*nt:t^«, z n s /z n oia»7^« 1 0 (i, 

HaaC3 X 1 0 -"TorrOHffiTtl*l»T^ Z a 

tf-i-iltaC5 X 1 0 -'Torr, S tf-i.* 
KZxlO'Torr, O ^3^^ 7 ^ * A' If - i « t 4 
xlO-'Torr, C 1 t a ffl:f:«E«9 t L fffl t^T £ 
») C 1 tr- Aittf S X I 0 -••Torr, SIRA 

flC2 6 oic-eieifi#nfcz D s , znog-aow 
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1 1 aiSf^'fjB 1 0 ±iwjgd($^^yt««(£z 

nOC0001)«.8l»lp«-e*f). lOJB^ 

TiiO, «*H I 0 t 1 OB tPl»©g«*fr-l? 

I 0 "«i-*oeffitF£«-C* 12, 13t4-tf. 
€nCiNxf^^^ + jH|-C*0. CiN:0 
m I 2 (iHtSa; l x l O •'•Torr®ffl«KS*-C. 
G Ai»flE3 x|O-\N0^7i'*A' 

If-Aaflt6 X I 0 -'Torr, :f»«J 0 »^ 7 * 
A-e-i.aiatS X 1 0 -'Torr, t Sftff^T-CjKSK 

ftdt4 X I 0 '^ci-'tOfiffilnLG a K : O C 0 0 0 
1 ) l£^«-C«0. C aN : McV 1 3 ttftjtJB 

?:mvst LroM«»?tf-A»fle3x 1 o-"T 

orrtc-CSi^Itt ^ 2 «t>JP. pStKCtifl I 0 Q • 



4^ , 

Z n 0« I 1 , C a NR I 2 . 1 3 I'^i". 
O«jt»*li0.S« -CAS. 



4» 4 C t j&<St L < . V ^ t£ 2 0 0 ;t>^ffl I' 4. 
Z n S ( 1 1 1 ) I »fi±tc)Ejffit« Z 0 S ... 
0,ffifiSta«a 2 a. ( 1 X 1 0 '<« 

Torr) -C250rtc(lI«L/;2nS (I I 1>» 
fclfOaaalc, 2 tf-^aaCS X 1 0 "To 

rr, S Aii0C 2 X 1 0 -'Torr©»^S(l* 

fflttLteAfca, o^?^7 t--i.»flc 2 X 

I 0 "Torr© 0^T»4-!B«L, »*KS^^« 
* (ft 6 X I 0 "Torr/hrffl jCftaaEt:) 

jB 2rtOfifiEKBttt#*«. ±E»1. 20* 
3(ltPf^^tKtc#lc±ff©Z a Off3d<A;!rfi£ 

5, ffl»«cz n S ...O.JB 2 0«JHJB**iA:^a 

n« Z a S ,.«0«ff 2 (IHf^-CtB^^tit; 
»ffi t Kftt 4 A;r fl »afl i t* ^ + -> + Jt'R »c 
■Tie i:*<Hr||t as. 
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L-CjBiS* f.fc Z o S ,-.0-H 2 CJ^ffiftfiUW 
Z n O ) Z n »^ A»aC 5x1 0 ''To 

rr, O^T^-5>'*A/t'-A5»BE2xI 0 *'TorrCO 
*frT-EflSft^« - i A^aL-Ct**. ZnS.-x 

*3ita: 8X10 - "Torr-elHItr 5 C t H J: 5 , 
Pl» 2 . 3 tn^*iefiKffcS tti ®i*ff«t!* 
9, ltfIllttN(0^i%«^^£t*tt Z D S ..xOxff 2 
UttO.Sn • c», 2 n 0« 3 T wo. itl - ciT?* 4, 
aw I - 5«©«W*<«^1?*5 Z II 0 : A 1 

3 J:fi> C a..,, r n,.„Na5fflj«*ffL, 1r 

(000 I)j|3offi±(^»?S^t^CaIc 

Nil 2 0 jfrSfifiKs s 0 m z o 

(±, G e-A«aC8.3X I 0 -'Torr. Ic 

tr- AaiKi.Tx I 0 "Torr. N^^5 * 
Jl'e-i.aaC l x l O -Torrt-rai»(cJH»L, X 
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b'^ + i/i-A/JSfiSttT:«S2 MS«t»4 ©*< 

lt{±ffiis:*o.o8Q - ci» * + y t «gc 8 x i o " 

Z O J; -5 (C t T i^iSc 3 n C a I n Ml 2 0 IJ: , 

*Cf->*fi4 0 7 am}m>i><^< H«l* 

CaN : ZafiZ 1 ItJ^^JBZ 0 tiHimC^ 
■ 3ifrT. WtCa^^tr-AftSBxlO "^To 
rr, NJ^T? i;* A'tr-ittflC 5x10 "Torr, 
^i^ttlS Zn^^tf-i.5»flCi X I 0 "Torr. SSL 
AX 3 5 0 1Ctr2M©W*lcBffiSti4. SKIE 
COd^O C a I a N i C * NO 

- A I .0«^C a NiOjftCCitKLTniltCr&^a 

fto^±^<^^n, sffi7%f:£«»ait^ tc4. 

G a N : Z a 2 1 « 2) « jtinttK ti StfC^t 6 Q • 

ea. 4^1- «; r»flc I x I 0 "ca-'-e* t), «aa 



C©J:^UL-C««Sft4CaN (3.4eV) 
/C a I fl N Ca.flae V ) « » ^S^iE *T 1± , 
*^Bfl(ciitt««iSGaN/Ca I nN/ZnO 
Cl.4e V ) / Z a S ,-0./Z n S C I I I ) 

2 0 m A©ma*«L, tr-?|B3t 4 0 5 n.Kfe 

S&tt'FS^aC a I n N/G a [ 
feCO-SA «. REgtZ^l^r 3 1 11 G a I a N : 



«£lH^<oatMl|E|[3 2 ^{il£-r 4 0j&<Z n 5 ( 0 
0 0 1 ) iiEfffiK)tS'>x-/N7?*t), -e-offe 

««3 2lt. SEJledftatSCJ; OfflR* ^iK'^X- 

L-C»4 r i©!?* 4 A^Ffi Z a S *»S 

«« 1050r£lJi-e*4(D**fft Ul', «163 2 ± 
©S»2. 3. 3 0 l±ar 3 ©«»«i[g»(ciB(S 
SnrJS 0. SAM -I** 4 pffiCa[nNH3l 
lt%jt«'7«4afiGa I oNffSO t^&&i; 
*4. j^aSO. 3 l{±GaI ttN*tXb*^ + 

4:X«fif©«l£li. «^ttS 4 0 6 >a©IBnjt6 
*»£Aj£A»?'tc9Lri«4. 

* 5Hti, ^4tt?»^fiOC a I a N»«« 
40±Kfitt?a»^«4 It^UTCaNttA 
«4 2 «-ltfiEL 4. @Bl(c&-t>r, X« 

3 2atCftC«fi3 2±t:«i)fe«»*nfc aS!Z n 
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S,-xOx2fcJ:C.'tiffiZnOH3ilGa I nNfl 
/CCilnN/GiN SLS)/G4lnN 

afc, 6 t±a\Jl 4 2 iKEJSt* flfc A 1 iEa 
7 l£ Z c Off 3 OSaiS 3 a ±t^etit$ 

A 1 

o E ■ i: tt« Eft fif 51 © » jti*tt t «; -r * « 

UfcW-ff*Ov2nSCO0Ol) 2±U, 
^ffitc, Z □ S /Z D 0® n Sfltt^ff 1 0 , It 
SZ o Off 2 J&<a*»n. Z n OHC!>StbS 

GalnNffSOt^LTGiN: S «3tff 5 I 



55Rn¥4-G8579 (8) 

d<CSt ^ nr V> % . 6 ti A 1 iE8S7« 

C tD3(ttMO 11, C n I a NSfiff 3 0 « 

«ff4V(CTl C OmAK?(0«ajt$St:itt-r 
?lcJi:ttLr. JEitff A*»«Z n ©SfiDl^fcl'T 

it Z t ftft«E©fi«Effc, «3t 

i/r^iaEfit J:5je«**tSfi.|HEae, ZnS.. 
.0., ZaO. C&N, I n G & K¥® S-St^ 

^itr Off os9i£9a«nar£ fei6(D7«t[i»)7c 

:?:«l«7c* t ^ r 4: < H » (c a ffl -e # S w i tt 

l»^«>7«0s n^tf n 9 Z a S ,..O.ff«)BS 



rSBttctl, SllD:^tt»!t tT Ht»t7C*© A I . 
C», r n . T 1 t.tfCVI»ic*© F . 01. 
Br. nSl Z n Off tcfc-fX 

fc,G » N. I n G t Nt;-5Vi-C 
l± n MttTcJet LTIVKtc*© C . Si. C 
ft. Sni?, VJ«7C*O0. S. Se. Teiff** 

K tt b »Sic*©B e . Zq. Cd. H 

« «. 

^BLfc4<t®ffiIn, C». Ni. Ti. Cu. 
A « . Ac . C r . SI. C 6»0^l**4l»ti 

LfcZ a S (a : A^fl) tt&CfCZnS : 
t * t L X c ii C ! t I ) * i iHi C 0 0 0 I ) 



■e* * . 

IBtira^CI nt*W1-4G»N*ifii»»»7t* 

o «a* »r IE (c L fc © -c * 5 . 
n*5Bitr^*- K©«nf*^i6ti-* *>©■?* 
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W I 6B{iC©»?qo»t I -It 6 © 31 at 

« % it X ? I0( ;^ ffi « K ^ -r « «S o R « B , 

«. 

1 Z n S ( I 1 1 ) tt&tjL c £SS> 

3 Z n 0 J. tr^ + > A')!, 

4 C a N:CS)n fix + 

5 C a N:Z n paxe^ + v/ + JH83t», 

6 A I lEVa, 7 A 1 ftVfi, 

1 0 Z a S /Z n OfilttT'SVJi, 

1 I z o oxe^ + -> I' jub, 

I 2 C » N :0 nfflitV + i/l-**, 
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2 0 C » I a ,. ,>N :0 n Ex b' ^ + > r 

2 I CaN : ZavSl^i£^^>rA'!M^ 

3 0 CaInN:0n5!JB> 

3 1 G a I n N : Mr P SM 

3 2 Z a S ( 0 0 0 I ) ttfifitnffiSS. 

A 0 C 4 [ n N : n SH, 

4 1 C a N/C a I a N:0 oSiStS'F«CJI, 

4 2 G a N : O n 

4 3 G a N : Z a p 

5 0 G a I o N : S afiff, 

5 I C » N : S aSa, 

5 2 C a N : Z a pSA. 

100 »^»xtr^ + ->+ (MB E ) 

1 0 I £»a^-.»f^^# >rctsooe/«iO* 

1 0 2 aEf»t»r- h'fA'r, 

1 0 3 H»ft* y r(ioooj/i«), 

I 0 4 Z a see. 



1 0 5 »«ttJ.*ffl*A.r-, 

1 0 6 mtLm i' 1- » ^ 

I 0 7 ^?»«tf«y-i;, 

1 0 8 jfewait*;. 

I 0 9 HWffi*«, 

1 1 0 T A- 5 i^X^CA 1 

1 1 1 'J -> A(G » jjp-y 

I I 2 Y y •? i.Cl aJJl/Vitr, 

I 1 3 S»CZ a)A.7#, 

1 I 4 - .«H(S)Jt-/#, 

I 1 5 »JtC0)a*CN)5i'* JHr-A«, 

I I 6 nmrnnm, 

1 1 7 iB»MKK«C0 .):*f y'^. 

I 1 8 fl«tt«a«(N,)# 

I 1 9 2E»ax h , T-'**:/', 

1 2 0 SH I B|tSft««»H-«S. 

i 2 i I ftffUBi' 

1 2 2 H 2S|t««BK««lt-«IS. 

I 2 3 2J)tff3tfX»*fr^ 

I 24 fl«JtaifX»A:!fX9 
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m 1 B 
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m 2 m 
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m 7 m 




-471- 



9 8^ 



If 13^4-68579 (12) 



306At JECffr 




200 ot -A 1203(0001) 

201 n-GaNJ|€«^ 

202 i-GaN >lk$ 

20^ Ai n^^a 



203 Ai 




304 GaN:Mg 



303 GaN : Mg if,mfUt 



AX 



302 GaN 



301 AXN m« 

300 ol-Al2 03C0001)»iK 
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